Comparison of fenestrated endovascular and open repair of abdominal aortic aneurysms not suitable for standard endovascular repair  by Canavati, Rana et al.
Comparison of fenestrated endovascular and open
repair of abdominal aortic aneurysms not suitable
for standard endovascular repair
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Robert K. Fisher, MD, FRCS, Richard G. McWilliams, EBIR, FRCR, Jagjeeth B. Naik, MD, FRCS, and
Srinivasa R. Vallabhaneni, MD, FRCS, EBSQ-Vasc, Liverpool, United Kingdom
Background: Abdominal aortic aneurysms that are unsuitable for a standard endovascular repair (EVAR) could be considered
for fenestrated endovascular repair (f-EVAR). The aim of this study was to conduct a risk-adjusted retrospective concurrent
cohort comparison of f-EVAR and open repair for such aneurysms.
Methods: All patients who underwent repair of an abdominal aortic aneurysm that was unsuitable for a standard EVAR
due to inadequate neck within one institution between January 2006 and December 2010 were identified. Case notes
were retrieved for clinical data, Vascular Physiological and Operative Severity Score for enUmeration of Mortality and
Morbidity (V-POSSUM) score, and aneurysm morphology. Computed tomography scans were reviewed to establish
aneurysm morphology.
Results:A total of 107 patients were identified. The open surgery cohort included 54 patients (35men)whowere amedian age
of 72 years (interquartile range [IQR], 9.5; range, 60-86 years). The aortic cross-clamp was infrarenal in 20 patients,
suprarenal or above in 21, and inter-renal in eight. Postoperatively, 63major complications were noted in 30 patients, nine of
whom required 16 reinterventions. Cumulative hospital stay of the cohort was 1170 days (median, 12; IQR, 13; range, 1-205
days) of which 234 days (median, 28; IQR, 36; range, 1-77 days) were in the intensive therapy unit (ITU). Perioperative
mortality was 9.2% (n 5), exactly as estimated byV-POSSUM.The f-EVAR cohort included 53 patients (47men)whowere
a median age of 76 years (IQR, 11.50; range, 55-87 years). Two fenestrations and one scallop was the most frequent
configuration (n  31). Postoperatively, 37 major complications were noted in 18 patients, six requiring reintervention.
Hospital staywas 559days (median, 7; IQR, 4.5; range, 4-64days), ofwhich 31days (median, 4; IQR, 10.5; range, 1-15days)
were in the ITU. Two patients died perioperatively (3.7%), resulting in an observed crude absolute risk reduction of 5.5%
compared with open repair. The V-POSSUM estimated perioperative death in five patients (9.4%) in the f-EVAR cohort. In
a hypothetic scenario of the f-EVAR cohort undergoing open repair, V-POSSUM estimated seven deaths (13.2%), resulting
in an estimated risk-adjusted absolute risk reduction due to f-EVAR of 9.5%.
Conclusions: In this group of patients, f-EVAR reduced mortality and morbidity substantially compared with open repair
and also reduced total hospital stay and ITU utilization. (J Vasc Surg 2013;57:362-7.)
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rDecision making in the management of aortic aneu-
rysms depends on a balance between the risk of death due
to aneurysm rupture and the risk of perioperative death
from repair in the context of the patient’s general health
and expected longevity. Data from randomized controlled
trials in patients suitable for standard endovascular aneu-
rysm repair (EVAR) revealed an early survival advantage
due to a significant reduction in the risk of perioperative
death with EVAR compared with open repair.1
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362Fenestrated endovascular aneurysm repair (f-EVAR)
as been developed for application in patients with a short
nfrarenal neck (juxtarenal or pararenal aneurysms) who are
nsuitable for a standard EVAR, and a number of experi-
nced centers reported encouraging early results. Because
onventional surgery in these patients often involves a more
omplex repair than a standard infrarenal aneurysm, there is
onsequently an increase in the risk of mortality and morbid-
ty. The endovascular approach is therefore expected to be
eneficial. Reports of comparisons between conventional sur-
ery and f-EVAR in patients unsuitable for a standard EVAR,
owever, are sparse in the existing literature.2
The aim of this retrospective study was to conduct a
isk-adjusted comparison at our institution of f-EVAR vs
pen repair in patients unsuitable for a standard EVAR in
ostoperative morbidity, mortality, secondary interven-
ion, and hospital length of stay.
ETHODS
Patients and inclusion criteria. Clinical data of con-
ecutive patients undergoing elective repair of aortic aneu-
ysms at the Royal Liverpool University Hospital between
anuary 2006 and December 2010 were retrospectively
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Volume 57, Number 2 Canavati et al 363collected. The study excluded patients with a leaking or a
ruptured aneurysm.
Patients who underwent f-EVAR for a juxtarenal (in-
cluding short aneurysm neck of 10 mm) or pararenal
aneurysm within the same period were identified from a
prospectively maintained endovascular database. The con-
current cohort of open repair patients was identified by first
identifying all patients who underwent elective open repair
during the study period from the operating theater lists.
This was cross-referenced against consultant operation di-
aries, clinic letters, and patient medical records.
The computed tomography (CT) scans of these pa-
tients were reviewed to establish aneurysm neck morphol-
ogy, including neck angulation, target vessel separation,
and presence of thrombus. Patients with an infrarenal an-
eurysm neck of10 mm and those with thoracoabdominal
aneurysms (including type IV) were excluded. The remain-
ing patients with pararenal or juxtarenal aneurysms were
included because they were considered an appropriate con-
trol cohort for the f-EVAR group. These patients do not
have the option of a standard EVAR in our practice. In all
patients who underwent open repair, anatomic suitability
for f-EVAR was assessed through CT review.
Preoperative and postoperative data. Case notes of
all patients were retrieved. Data relating to demographics
and comorbidity3 were recorded. The 12 physiologic pa-
rameters required for risk prediction using the Vascular
Physiology and Operative Severity Score for the enUmera-
tion of Mortality and Morbidity (V-POSSUM) system were
retrieved, and the most recent results available before the
elective repair were used for incorporation into the model
in all patients. These include age, cardiac status (left ven-
tricular ejection fraction), respiratory status (forced expira-
tory volume in 1 second), electrocardiogram findings, sys-
tolic blood pressure, pulse rate, hemoglobin, leukocyte
count, blood urea, serum sodium and potassium, and Glas-
gow Coma Score.
Operative data included blood loss, total operation
time, position of the aortic cross-clamp, and target vessel
information. The primary study end point was early mor-
tality (30 days or during the primary hospital admission),
and secondary end points were perioperative morbidity,
early interventions, use of health care resources in the
intensive treatment unit (ITU), and hospital length of stay.
Total number of deaths expected in each cohort was esti-
mated according to V-POSSUM methodology.4 When
data relating to the V-POSSUM physiologic severity score
were missing, the parameters were assigned normal values
in accordance with V-POSSUM methodology.
Statistics. Continuous variables are summarized with
median, interquartile range (IQR), and range. Categoric
variables are summarized with frequencies and percentages.
The Fisher exact test was used to compare binary outcomes,
and the Mann-Whitney U test was used to compare non-
parametric data. A value of P .05 was considered signifi-
cant. SPSS 18 software (SPSS Inc, Chicago, Ill) was used
for analysis. iESULTS
Of 107 patients who were eligible for inclusion into the
tudy, 54 (36 men; median age, 72; IQR 9.5, range, 60-86
ears) underwent open repair. The median aortic aneurysm
ize in this cohort was 69 mm (IQR, 20; range, 56-100
m). The f-EVAR cohort comprised 53 patients (47 men,
women; median age, 76; IQR, 11.50; range, 55-87 years)
ith a median aortic aneurysm size of 62 mm (IQR 10;
ange, 55-86 mm). The difference in age between the
roups was not significant (P  .357, Mann-Whitney U
est), but aneurysm size was significantly different (P 
0012, Mann-Whitney U test). Comorbidity and American
ociety of Anesthesiologists grading are given in Table I.
Mortality estimates using V-POSSUM predicted five
eaths within each cohort. Similarly, risk of mortality was
stimated for a hypothetic scenario of the f-EVAR cohort
ndergoing open surgery instead, and seven deaths
13.2%) were estimated.
Operative data. When f-EVAR is technically feasible,
he physicians usually recommended younger and generally
t patients to have an open repair, as was the case for
atients with very large aneurysms. Older patients and
hose with multiple comorbidities were recommended to
ave f-EVAR. Exceptions occurred due to patient prefer-
nce and availability of funding.
In the open repair cohort (n  54), the median dura-
ion of the operation was 235 minutes (IQR, 90; range,
20-420 minutes), with a median blood loss of 2000 mL
IQR, 1850; range, 250-7000 mL). During the repair, the
osition of the aortic cross-clamp was infrarenal in 20
atients, above one renal artery but below the other renal in
ight, suprarenal in 18, above the superior mesenteric
rtery in one and the supraceliac artery in three. The
osition of the aortic clamp was not clearly documented in
our patients. Within this cohort, 25 (46%) were technically
nsuitable for f-EVAR even outside the manufacturer’s
able I. Preoperative comorbidity and American Society
f Anesthesiology (ASA) grading of both groups
omorbidity
Open repair f-EVAR
P
(n 54) (n  53)
No. (%) No (%)
schemic heart disease 21 (39) 31 (58) .0538
ypertension 31 (57) 26 (49) .4409
OPD 23 (43) 31 (58) .1232
ongestive heart failure 2 (4) 3 (6) .6785
hronic renal failure 7 (13) 9 (17) .5983
erebrovascular disease 5 (9) 7 (13) .5558
iabetes mellitus 7 (13) 7 (13) .99
SA grade
1 – 2 (3.8)
2 16 (29.6) 12 (22.6)
3 36 (66.6) 38 (71.7)
4 2 (3.8) 1 (1.9)
OPD, Chronic obstructive pulmonary disease, f-EVAR, fenestrated endo-
ascular aneurysm repair.nstructions for use (IFU), based on the center experience,
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February 2013364 Canavati et aldue to factors such as the presence of extreme angulation in
the proximal seal zone, inadequate separation between the
target vessels, presence of thrombus or heavy calcification
within the seal zone, and inadequate access vessels. In the
remaining patients, the decision to proceed with an open
repair included refusal of funding of f-EVAR by health care
commissioners (n  4), a desire to avoid potentially long
delays in obtaining a custom-made stent graft (n 7), and
physician (n  17) or patient (n  1) preference.
No aneurysm ruptures were reported in the f-EVAR
cohort (n  53) while awaiting the manufacture of the
fenestrated stent graft. A Cook Zenith fenestrated stent
graft (Cook UK Ltd, Hitchin, UK) was successfully im-
planted in all of the patients. The target vessel configuration
of the f-EVAR is noted in Table II. Upon review of the
preoperative images, 33 of these patients had an aneurysm
neck length of 5 mm. These patients likely would have
had suprarenal aortic clamping if they had undergone open
repair. Median duration of operation was 300 minutes
(IQR, 120; range, 210-600 minutes). Blood loss estimates
were documented in only 17% of the procedures, with a
median of 1250 mL (IQR, 1350; range, 500-2000 mL).
Two patients who underwent f-EVAR also had a femoro-
femoral crossover bypass at the same time. Completion
angiography demonstrated seven type I endoleaks and
three type II endoleaks. All type I endoleaks had resolved
on the first follow-up scans, without the need for a second-
ary intervention. All target vessels were patent on comple-
tion angiography.
Postoperative morbidity. During the postoperative
period, within the open repair cohort, 63 postoperative com-
plications were documented in 30 patients (56% of the co-
hort). In the f-EVAR cohort, 37 complications were recorded
in 18 patients (34% of the cohort; Table III). Fisher exact test
analysis confirmed statistical significance of the differences in
the total number of complications (P .045) and the propor-
tion of patients with a complication (P  .01), both being
higher in the open repair cohort.
Early intervention and death. A secondary interven-
tion 30 days of the primary repair was considered early
intervention. Nine patients in the open repair cohort re-
quired 16 early secondary interventions. Three patients
were diagnosed with mesenteric ischemia; two of whom
underwent a Hartmann procedure, and both required fur-
Table II. Stent graft configuration in the 53 patients
who underwent fenestrated endovascular aneurysm repair
Graft configurations
Patients,
No.
1 scallop 2
1 scallop, 1 fenestration 4
1 scallop, 2 fenestrations 31
1 scallop, 3 fenestrations 10
2 fenestrations 1
3 fenestrations 5ther refashioning of ischemic stomata soon after. The third oatient developed ischemia of the lower limb in addition to
owel ischemia and required total colectomy and lower
imb revascularization. This patient died of multiorgan
ailure on the day after the aneurysm repair. Abdominal wall
ehiscence occurred in two patients. Both required several
isits to the operating theater and both developed an en-
erocutaneous fistula. A further three patients underwent
elaparotomy on seven occasions for indications of retro-
eritoneal bleeding, abdominal compartment syndrome,
vacuation of hematoma, and exploratory laparotomy for
uspected bleeding.
After a secondary intervention, one patient developed
cute coronary syndrome and respiratory failure requiring
racheostomy for prolonged ventilation. This patient also
equired hemodialysis for acute renal failure. Renal and
oronary angioplasties were performed and a coronary stent
as inserted, but the patient died after a total stay of 77 days
n ITU on day 84 after the original repair.
Three further deaths occurred in the open repair group.
ne patient had a sudden cardiac arrest 1 day after a
yocardial infarction. Another patient developed intraop-
rative cardiac arrhythmia and heart failure resulting in his
eath on the day of the operation. The third patient re-
uired relaparotomy for evacuation of an intra-abdominal
ematoma, spent an extended stay in the ITU, and died on
ostoperative day 75.
In the f-EVAR group, six patients (11%) required six
arly interventions. One patient underwent laparotomy due
o the development of peritonitis. Left hemicolectomy was
onsidered necessary, and a histologic diagnosis indicated
esenteric fibromatosis. In two patients, a stented superior
esenteric artery and a renal artery underwent successful
epeat angioplasty for mesenteric ischemia and worsening
enal failure, respectively. Femorofemoral crossover bypass
as performed in another two patients.
There were two deaths in the f-EVAR group. The first
atient developed a groin abscess related to the femoral
ccess and required exploration and several revisits for
ound toilet. She developed heparin-induced thrombocy-
openia and cardiopulmonary complications resulting in
er death on postoperative day 48. The second patient died
uddenly on postoperative day 5, and the postmortem
xamination concluded that an acute myocardial infarction
as the cause.
The difference in the total number of early secondary
nterventions was statistically significant (P  .04 Fisher
xact test), but the proportions of patients requiring
econdary intervention was not significantly different
P  .34).
Hospital and ITU length of stay. The open repair
ohort spent a cumulative total of 1170 days in the hospital,
ith a median stay of 12 days (IQR, 13; range, 1-205 days).
he f-EVAR cohort had a total hospital stay of 559 days,
ith a median of 7 days (IQR, 4.5; range, 4-64 days). Eight
f the 54 open repair patients (15%) occupied a total of 234
ays in the ITU, with a median stay of 28 days (IQR, 36;
ange, 1-77 days), whereas five of the f-EVAR cohort (9%
f the group) occupied a total of 31 days in ITU, with a
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Volume 57, Number 2 Canavati et al 365median stay of 4 days (IQR, 10.5; range, 1-15 days). The
difference in total hospital stay between both groups was
statistically significant (P  .0001, Mann-Whitney U test);
however, the difference in ITU occupancy was not statisti-
cally significant (P  .333, Mann-Whitney U test).
DISCUSSION
The existing state of evidence for aortic aneurysm repair
suggests that the endovascular approach is associated with a
lower early mortality compared with open repair.5 This
benefit is primarily a consequence of avoiding laparotomy
and aortic cross-clamping, two maneuvers that create a
significant physiologic response and most of the complica-
tions that follow aortic surgery. Open repair in patients
with aneurysms that are anatomically unsuitable for a stan-
dard EVAR due to a short or even absent neck is likely to be
associated with a higher risk of perioperative death com-
pared with standard infrarenal aneurysms. This would be
due to technical difficulties of creating a proximal anasto-
mosis in a short neck or the requirement of an aortic
cross-clamp in a higher position, or both.6,7 Therefore,
there is optimism that an endovascular approach to these
aneurysms will be associated with a greater reduction in
early mortality compared with open surgery. Notwith-
standing the attrition of such an early survival advantage
Table III. Postoperative complications
Complication
Op
Events, No.
Cardiovascular 17
Myocardial infarction 6
Dysrhythmia 7
Cardiac failure 4
Respiratory 17
Pleural effusion 2
Chest infection 9
Respiratory failure 2
ARDS 1
Tracheostomy 3
Gastrointestinal 10
Mesenteric ischemia/bleeding 4
Pancreatitis 1
Diarrhea 1
Upper gastrointestinal bleeding 1
Bowel fistula 2
Compartment syndrome 1
Peritonitis 0
Renal 9
AKI (50% basal creatinine) 9
Temporary dialysis
Neurologic
Transient ischemic attack 0
Other
Acute limb ischemia 1
Wound problems 4
Retroperitoneal bleed 1
Graft infection 1
Heparin-induced thrombocytopenia 0
AKI, Acute kidney injury; ARDS, acute respiratory distress syndrome; f-EVduring late follow-up, as noted in long-term analyses of pneurysm repair trials, there is a need to quantify the early
dvantage. This information is vital not only for clinical
ecision making in relevant patients but also for the design
f robust studies comparing the two techniques.
Both cohorts were heterogeneous anatomically, as ev-
denced by the varying levels of aortic cross-clamping dur-
ng open repair and by the target vessel configurations of
he f-EVAR devices implanted. It is accurate, however, to
tate that all of the patients were unsuitable for standard
VAR due to insufficient aneurysm neck and encompasses
neurysms generally described as juxtarenal and pararenal
neurysms.
The choice of open repair or f-EVAR during this study
eriod reflects an evolving trend in clinical decision making,
xperience, and physician and patient preference. In line
ith most centers, open repair was the preferred choice for
oung and relatively fit patients, whereas f-EVAR was pre-
erred in patients considered to be at high risk with an open
epair. Delays engendered in the process of securing fund-
ng for f-EVAR for individual patients from various health
are commissioners, coupled with manufacturing times,
eant that there was reluctance in choosing f-EVAR for
atients with very large aneurysms. We consider aneurysms
75 mm to be very large. This is significantly larger than
he median aneurysm size of 69 mm in the rest of the
pair f-EVAR
Pts, No. (%) Events, No. Pts, No. (%)
13 (24) 10 7 (13)
3
4
3
15 (27) 8 7 (13.2)
0
8
0
0
0
9 (17) 3 3 (5.6)
1
0
1
0
0
0
1
9 (17) 8 8 (15)
8
3 (5.5) 1 (1.8)
1
1
2
0
1
2
enestrated endovascular aneurysm repair; Pts, patients.en reatients, open repair, and f-EVAR together (P  .0001,
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that from the point of view of fitness for operation, the two
cohorts were not necessarily balanced, thus creating a need
for objective stratification, which was performed using the
V-POSSUM system. V-POSSUM is a validated tool of
comparative audit that has been verified as reliable for use in
conventional aneurysm repair when adequate data are avail-
able.4 Because the system stipulates that normal/minimal
values are ascribed to missing data, incomplete data sets will
underestimate mortality risk and not an erroneously high
mortality.
The prevalence of comorbidity was as expected for
aneurysm patients and appears to be comparable in both
the cohorts, with no statistically significant differences
(Table I). The f-EVAR cohort, however, was marginally
older and had more severe comorbidity, as measured ob-
jectively by the V-POSSUM physiologic severity score. The
median V-POSSUM physiologic score was 23 (range, 15-
35) for the f-EVAR group vs 20 (range, 14-37) for the
open repair group (P  .0038).
V-POSSUM estimated five deaths would occur in the
open repair cohort, which was exactly what was observed
(9.2%). This compares unfavorably with occasional reports
from centers of excellence of very low mortality after open
aortic surgery.8 In this analysis, however, a lack of discrep-
ancy between the number of V-POSSUM-estimated deaths
and observed deaths confirms that the results in this group
of patients within our institution are what should be ex-
pected and are attributable primarily to the physiologic
state (or fitness for surgery) of the patients. Similarly high
mortality rates have been reported with open repair in
anatomically comparable groups from other centers.9-11
V-POSSUM estimated five deaths would occur in the
f-EVAR cohort. Any advantage afforded by a reduction in
the V-POSSUM operative severity score in the f-EVAR
cohort was eliminated by a worse physiologic severity score,
thus predicting a similar number of deaths in both cohorts.
However, only two deaths (3.7%) were observed in the
f-EVAR cohort. This favorable discrepancy between esti-
mated and observed deaths should be explained as the
benefit of the endovascular approach. This gives an esti-
mated crude absolute reduction in the risk of death of 5.5%
in favor of f-EVAR. Also calculated was a V-POSSUM–
estimated mortality rate in a hypothetic scenario of f-EVAR
cohort patients undergoing an open repair instead. Because
this estimate removed the advantage of the endovascular
approach, seven deaths (13.2%) were predicted, thus result-
ing in a risk-adjusted absolute risk reduction of 9.5% with
f-EVAR.
The postoperative morbidity and reintervention rates
were both higher in the open repair group, which is not
surprising because the conventional approach does result in
a significant physiologic insult that propagates a sequela of
multiple organ adverse events during the recovery period.
Early interventions after f-EVAR were of a less invasive
nature because they were addressed mainly through the
transfemoral approach rather than the more invasive (trans- ibdominal) procedures that were used in the open repair
roup.
Although target vessel patency has always been a con-
ern with f-EVAR, we note that in the early postoperative
eriod, ischemic consequences of end organs appear to be
ore frequent with open repair, as noted by instances of
esenteric ischemia necessitating bowel resection and
cute renal failure requiring dialysis. The extended need for
he ITU and the differences in hospital lengths of stay
ncrease health care costs, which may potentially compen-
ate for costs associated with f-EVAR, including the device
nd follow-up costs.
Nearly half of the patients in this study who underwent
pen repair were not technically suitable for f-EVAR for the
easons listed. It would appear that a large proportion of
bdominal aortic aneurysms anatomically unsuitable for a
tandard EVAR due to inadequate neck will be unsuitable
or f-EVAR also. Similarly, some of the patients who un-
erwent f-EVAR were noted to be at high risk for open
epair and might not have gone ahead with open repair.
he cohorts in this study therefore are not identical, and
omparisons should be interpreted in the context of this
imitation. Another limitation of this report of early results
s the lack of long-term follow-up information.
Notwithstanding the limitations of this report, the
bservations have important implications for the design of
randomized trial comparing open repair vs f-EVAR in
atients with abdominal aortic aneurysms anatomically un-
uitable for standard EVAR. The first problem arises due to
he substantial difference in perioperative mortality. This is
uite marked on crude comparisons and even higher on
isk-adjusted estimates. Despite the belief that the early
urvival benefit afforded by the endovascular approach may
e lost during late follow-up, the large difference in the
ortality risk makes it difficult to remain in equipoise
egarding the two techniques. It is worth noting that a lack
f survival benefit sustained over many years does not
quate with no survival benefit at all.
The next problem is that a substantial proportion of
atients are not anatomically suitable for f-EVAR, reducing
he number of patients eligible for a trial. Aortic anatomy
nd target vessel locations that are suitable for similar
-EVAR configurations (with similar technical difficulty of
mplantation and operative risk) may require a variety of
pen surgical strategies, with a cross-clamp level ranging
rom infrarenal to supraceliac and, therefore, a varying
perative risk. This is ideally dealt with by appropriately
owered subgroup analysis, adding a further degree of
omplexity.
This is the only study to date that has compared open
urgery against f-EVAR in patients with aneurysm neck
natomy that is unsuitable for a standard endovascular
epair, revealing an 5% difference in early mortality. A
rospective multicenter comparative study will provide
ore robust data, and similar substantial risk reduction, if
onfirmed, will have profound implications for the feasibil-
ty of a randomized trial in this area.
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This analysis from a single center showed that f-EVAR
is associated with a substantial reduction in perioperative
mortality compared with open repair in patients with ab-
dominal aortic aneurysms that are unsuitable for a standard
EVAR due to an inadequate neck. The findings of this
study ought to be verified by conducting a prospective
multicenter study because the findings have profound im-
plications for the design of a clinical trial in this area.
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